In two winters during the period 1994 to 1996, social status and feedingstation use of Japanese Cranes Gras japonensis were observed for 38 and 40 (1995-96 ) marked individuals at three major feeding stations in Kushiro, northern Japan. Most of the males and females three years of age or older uttered unison calls to form a pair bond, whilst only a few younger cranes called in unison. Younger cranes appeared at the stations earlier in autumn and some of them frequently moved among the stations throughout the winter months. After pair formation, pairs appeared at the stations later than younger cranes and were more apt to visit a particular station, especially when they were with their juveniles. This station selectivity was observed most often in January and February. The cranes at the different stations showed a different degree of station selectivity and pattern of inter-station movement. These differences in selectivity and movement probably depended mainly on the feeding conditions at the stations and on the distance between stations.
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As a result of a successful winter artificial-feeding program, the population of Japanese Cranes Gras japonensis living all year around in eastern Hokkaido, northern Japan, has returned from the brink of extinction, increasing from between 30 to 40 cranes during the 1950's to 569 in 1994 (Masatomi 1991 , Masatomi et al. 1995 .
Japanese Cranes disperse over the breeding sites in eastern Hokkaido in summer. In winter, 90% of the population gathers at three major feeding stations in the district of Kushiro, in eastern Hokkaido (Masatomi et al. 1992 , Masatomi et al. 1995 , to peck the corn scattered there in the daytime and to roost in the river near the station at night (Masatomi 1974b (Masatomi , 1989 . The group size at each station tends to increase through early winter (October-November), reaches a peak during midwinter (December-February)--over 130 individuals in recent years (Masatomi et al. 1992 , Masatomi et al. 1995 , Masatomi et al. 1997 )--and declines through late winter and early spring (March-April), as revealed in studies by Masatomi (1976) , Tomioka & Ito (1990) , and Hidaka & Ito (1995 , 1996 .
A study on station-use patterns of Japanese Cranes has fundamental value not only in terms of grasping the composition and dynamics of the wintering groups but more importantly in terms of improving the winter management of this endangered population. Due to difficulty of discriminating between individual cranes, how individuals used the stations in winter could not be made clear until the end of the 1980's. Between 1988 to 1996, from 2 to 20 Japanese Crane chicks were banded each year since 1988 (TKG 1988 , and we were aware, by the occasional tracing of marked individuals, that the timing of arrival at the stations and station-use patterns of individuals in winter probably varied by their age, sex, and social status. However, we could not definitely draw any cogent conclusions owing to a lack of precise observational data. Because not only the age and the sex, but also the social status (immature or single, pair or family) of individuals are factors that influence their behaviors (Walkinshaw 1973 , Masatomi 1977 , Tacha 1988 , Lewis 1995 , it is necessary to consider the age, sex and social status of individuals inclusively in order to analyze their feeding-station-use patterns. To clarify the points mentioned above, we observed the marked cranes at three major feeding stations during the winters of 1994-95 and 1995-96 and at Nakasetsuri and Shimosetsuri in the Village of.Tsurui, District of Kushiro, northern Japan (Fig. 1) . The main breeding grounds of the population are distributed to the east of these stations (Masatomi et al. 1986a (Masatomi et al. , 1986b . Supported by central and local governments, local people have fed corn to cranes at the pastures and the farmlands every winter since the 1950's. The Nakasetsuri feeding station (Naka FS) is situated 6 km to the north of the Shimosetsuri feeding station (Shimo FS). The Setsuri river, which flows near these stations, is a main roost for cranes in the Tsurui wintering ground (Kamata et al. 1994 , Hidaka & Ito 1995 , 1996 . The Akann feeding station (Akan FS) is situated to the west of both the Naka FS and the Shimo FS, about 15 km from the latter station across two hill rows (see Fig.  1 ). The station area and the approximate feeding area (that is, the area in which station keepers scattered corn every day) varied in size among the Akan FS (2.9 and 0.10 ha), the Naka FS (7.6 and 0.70 ha), and the Shimo FS (3.6 and 0.07 ha). The daily feeding amount was adjusted according to the number of cranes at each station. Except for feeding by keepers, human activity is prohibited inside the stations in winter. The feeding period, and the daily feeding frequency, time and food item at each station are shown in Table 1 . All observed cranes were marked with a yellow plastic band on their left leg. Codes, consisting of a capital Arabic letter "T" and numerals, were carved on the bands. These codes were read with a pair of binoculars (8 x) and a spotting scope (20 x) during the investigation. The age and sex of each marked crane were known (TKG 1988-96) .
The investigation was conducted from late October to the following mid March of 1994-95 and 1995-96, respectively. In the first winter, we recorded the marked cranes and observed their behaviors at two-week intervals; for four days at the Naka FS, and for two days at both the Shimo FS and the Akan FS. Nine observations were carried out during this period.
The investigation of station selectivity was done at two-week intervals from late October 1995 (early December at the Akan FS) to late January 1996, and then once both in late February and mid March 1996. During an observational period, we examined the behaviors of the marked cranes at each station for two successive days and recorded their presence every 30 minutes beginning in the morning when cranes flew into the station until dusk when they flew out to roost. The single daily feeding period by the keeper at the Naka FS lasted about 30 minutes. In our analysis, we eliminated data that were obtained from the beginning of feeding to the moment when half of the individuals staying at the particular station began to forage in order to minimize this effect. Nine observational periods were conducted at the Naka FS and the Shimo FS during the winter, for 16.1 * 3.1 and 17.3 * 2.4 (mean * SD) records per day, respectively. Six observational periods were conducted at the Akan FS, for 16.9 * 1.7 records per day. Proportional to the percentage of individual marked cranes recorded at each station relative to the total number of marked cranes at all three major feeding stations during the investigation period, we classified station selectivity into three categories; fixative individuals (individuals who were observed to spend at least 90% of their time at their particular station), semi-fixative individuals (individuals observed to spend between 70% and 89% of their time at their particular station), and non-fixative individuals (individuals who were observed to spend less than 70% of their time at their particular station). The percentage of fixative and semi-fixative individuals found at their non-fixative stations relative to the total fixative and semi-fixative individuals at three stations during each investigation period was calculated in order to analyze seasonal use of the non-fixative stations.
To compare the difference in seasonal station use among social status groups, the appearance percentages of marked cranes during two winter seasons at three stations in early, mid and late winter relative to the total appearance percentages for the two winters were calculated for social status groups.
RESULTS
During the two winters, 39 (1994-95) and 43 (1995-96) marked cranes ranging from birth to six years of age (TKG 1988-96) were found at the three major feeding stations. Among them, a juvenile (T73) in 1994-95 and two juveniles (T79 and T91) in 1995-96 wintered with their parents at two minor stations near the Akan FS (see Fig. 1 ). We viewed them in less than 30% of the total observation periods during these winters. Nor did we see them more than 30% of the time during the most severe portion of the two midwinter periods. Therefore, they were not regarded as individuals that depended on the major feeding stations in their wintering grounds, and were, therefore, excluded from the data. As one 3-year-old crane (T36) was kept in the Kushiro Zoo after a collision with an electric wire in December 1995, it, too, was removed from the data for 1995-96. The remaining 38 (1994-95) and 40 (1995-96) individuals were considered to be dependent on the stations during the winters observed.
1) Age, Sex and Social Status of Individuals
The marked cranes of different ages and sexes showed different social status. The 3-to 6-year-old cranes generally formed pair bonds. Unison calls, which can suggest pair formation (Archibald 1975 , Masatomi & Kitagawa 1975 , were observed in 100% of the males (n = 15) and 93% of the females (n = 14) as seen in Fig. 2 . Most of the cranes up to 2 years old were immature; Among the two-yearolds, unison calls were heard only from 33% of the males (n = 6) and females (a = 9) . Neither male (n = 9) nor female (n = 9) yearlings called in unison. The marked juveniles lived with their parents during the period of this study. Accordingly, we divided all observed cranes into three groups corresponding to their social status; families (juveniles), singles (1-to 2-year-old cranes), and pairs (3-to 6-year-old cranes). Among the paired cranes, only one 6-year-old male (T08) came to the stations with a juvenile during the winter of 1995-96, indicating a successful breeding. This male was included in the analysis as a family unit and grouped with the marked juveniles for the social-status group comparisons. Two juvenile pairs (T63 and T64, and T70 and T71 in 1994-95) and an adult pair (T31 and T33 in 1994-96) were also analyzed separately as a sample because they acted together in a family and pair unit.
2) Social Status and Seasonal Feeding-station Use
Seasonal feeding-station use differed among the three social-status groups (Fig.  3) . The 1-to 2-year-old cranes showed the highest appearance percentage in early winter, followed in order by the 3-to 5-year-olds and the juvenile cranes. The differences among these appearance percentages were statistically significant (Gadj = 9 .76, df=2, P<0.01, G-test). All marked cranes (100%) appeared at the stations during midwinter. These data suggested that during winter, the singles were the first to aggregate at a feeding station, the pairs came later, followed by the families. Although the appearance percentages of juveniles and of 1-to 2-yearold cranes were lower than the percentage of the 3-to 5-year-old cranes in late March (Gadj = 7.10, df = 2, P<0.05, G-test), we could not determine the order of group departures from the stations in late winter because we ceased our observations too early in the season to do so.
3) Social Status and Feeding-station Selectivity
During the winter of 1995-96, 100% of the juveniles (n = 7), 44.4% of the 1-to 2-year-old cranes (n = 18), and 85.7% of the 3-to 5-year-old cranes (n = 14), were the fixative or semi-fixative individuals at a station (Gadj = 5.82, df = 1, P <0.05 between 1-to 2-and 3-to 5-year-old cranes, G-test). Of 37 marked cranes recorded were semi-fixative. Although there was no significant difference in the proportion of the sum of fixative and semi-fixative individuals among the three stations (Gadj = 2.92, df = 2, P>0.05, G-test), the proportion of fixative individuals was significantly higher at the Naka FS than at the Shimo FS (Gadj = 9.50, df= 1, P < 0.01, G-test).
4) Social Status and Movement Among Feeding Stations.
In addition to their particular station, some fixative and semi-fixative individuals also used non-fixative stations. Almost half (43.8%) of the 16 fixative individuals of the Naka FS were observed at the Shimo FS. Furthermore, 62.5% of the fixative and semi-fixative individuals (n=8) of the Shimo FS were found at the Naka FS. All semi-fixative individuals (n = 3) of the Akan FS used both the Naka FS and the Shimo FS. The fixative and semi-fixative individuals of 1 to 2 (n = 8) and 3 to 5 (n = 12) years of age showed high proportions of inter-station movement, accounting for 62.5% and 66.7% of the movement, respectively. Although the juveniles (n = 7) showed a low proportion of inter-station movement (i.e., 28.6%), there was no significant difference among the proportions of social-status (T10 and T55) stopped over for a short period at the Naka and the Shimo FS during the autumn, as did T10 during the following spring migration. One individual (T90) moved to the Naka and the Shimo FS for a short period after arriving at the Akan FS, and then flew back to the Akan FS again. Two non-fixative individuals (T52 and T73) at the Akan FS also demonstrated a similar movement pattern to that of T10 and T55, though T52 stayed longer at the Naka FS and the Shimo FS than at the Akan FS. The sedentary tendency of the fixative and semi-fixative individuals changed during winter (Fig. 6) . As the number of fixative and semi-fixative individuals increased from early to mid winter, the proportion of their appearance at the non-fixative stations gradually declined and non-fixative-station use was not observed from late January to late February. Non-fixative-station use occurred again in mid March, however, the number of fixative and semi-fixative individuals at the stations declined. Therefore, the cranes seemed to be more apt to move among the stations in autumn and spring.
Most of the non-fixative individuals moved between the Naka FS and the Shimo FS, but T52 and T73 visited all three feeding stations. Some non-fixative individuals tended to move infrequently among the stations. That is, they tended to remain at one station for a time but after a while shifted to another. Such behavior resulted in a lower appearance proportion at any one station throughout the entire length of the investigating period. For example, T16, T53 and T61 shifted from the Naka FS to the Shimo FS, T51 and T68 moved from the Shimo FS to the Naka FS, and T73 from the Shimo FS to the Akan FS. Other individuals (T09, T52, T59, T65, T70 and T71) moved frequently between the stations, accounting for 50% of 
DISCUSSION
In some migratory crane species, both non-breeding and unsuccessful-breeding cranes have been demonstrated to depart earlier from breeding grounds and to arrive earlier in wintering grounds than do families during autumn migration (Allen 1952 , Miller & Hatfield 1974 , Lovvorn & Kirkpatrick 1982 . This tendency was also revealed in the present study in which Japanese Cranes came to the feeding stations first as singles, then in pairs without juveniles, and finally, as families, even though the distribution of this population is restricted in a small area and migration distance is extremely short (<150 km). During summer, breeding pairs of Japanese Cranes occupied their territories in the breeding grounds, while non-breeders loaf solitarily or in small flocks around the territories of breeders or on the ranges unoccupied by breeders (Masatomi 1972 , 1974a , Kitagawa 1982 , Masatomi et al. 1986a , 1986b . The fact that this unstable flock consists of non-breeders may be the reason that its members depart from the breeding grounds earlier and come to the feeding stations earlier in autumn, whereas the rearing of juveniles, the defense of territories, and an available food resource in territories may cause families to delay the departure from their breeding sites.
In Whooping (G. americana), Siberian White (G. leucogeranas) and Hooded Cranes (G. monacha), many pairs and families still tend to maintain territories on wintering grounds (Allen 1952 , Sauey 1976 , Stehn & Johnson 1987 , Ohsako 1989 (Blankinship 1976 , Bishop & Blankinship 1982 , Kuyt 1987 , Stehn & Johnson 1987 . Many pairs and families of Japanese Cranes establish feeding territories apart from the feeding stations as soon as they arrive in the wintering grounds, but they finally shift to the stations when food resources become in short supply (Masatomi 1974a (Masatomi , 1977 . Pairs and families probably try to maintain their territories at the stations during winter, and some singles probably tend to use the same stations at which they spent the first winter with their parents, so that they show high station selectivity. However, some singles very likely tend to float around in order to have greater opportunities for acquiring a pair mate. Territorial defenses of pairs and families at the stations may also cause the singles to move frequently among the stations. King (1974) and Alonso (1992, 1993) have suggested that cranes show a long feeding time and a large food intake in autumn. To avoid Japanese Cranes becoming over-dependent on artificial feeding, food was supplied sparingly by the keepers until natural food resources were covered with snow. Individual Japanese Cranes frequently moved among the stations before January, probably to raise food intake. The individuals at the Akan FS first visited the Naka FS and the Shimo FS where winter feeding began earlier than at the Akan FS (see Table  1 ) and the individuals at the Naka FS, where the daily feeding amount (average 30 kg corn in early winter) was about 1.5 times greater than at the Shimo FS (average 20 kg of corn in early winter) showed higher station sedentariness than that at the Shimo FS. In all likelihood, increase in station sedentariness in January and February was due to the enhancement of feeding supplies at each station for example, the daily feeding amount at the Naka FS and the Shimo FS increased to 60 kg and 40 kg of corn, respectively, during this period. A long inter-station distance also obviously reduced individual movement between the Tsurui area and the Akan FS.
Families and pairs of Whooping Cranes leave wintering grounds earlier than singles in spring migration (Kuyt 1992 , Lewis 1995 , and juveniles become independent of their parents on wintering grounds, on migration routes, or after arriving at breeding sites (Allen 1952 , Stehn 1992a , 1992b . Although the juveniles of Japanese Cranes usually separate from their parents in the wintering grounds (Masatomi 1977 , Kamata & Tomioka 1991 , a few may not separate until they are on migration routes, or after their arrival at the breeding sites, as is the case with Whooping Cranes. In this study, the early disappearance of the marked juveniles from the stations in mid March may have been triggered by early departure of their parents. However, the early disappearance of 1-to 2-year-old cranes is not well understood. Additional observations through late winter need to be done in greater detail so that in additional data could be obtained in order to explain this social-status-related difference in spring departure from the feeding stations.
